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New Physics in Flavor anomalies

* New Physics?
e Flavor anomalies

e New physicsin B — Kvv




Standard Model and Beyond

Astrophysical observations
Cosmology

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Massive Neutrinos

* Neutrino Oscillations

M

* Super-Kamiokande + SNO

* Neutrino masses + mixing in leptonic J
sector
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Neutrino mass scale

Beta decay kinematics:
'H—"He+e +7,
KATRIN:

+ m¥ < 0.8 eV (90%) C.L.
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-
o

rel. decay -amplitude
O O
0) Q0

0.4
Z m, < 0.13 eV (95 %, Planck TT,TE,EE+1owE

BAO),

0.2

e

3H R-Zerfall

SHe

I | I l

entire spectrum

2 6 10 14
Electron-energy E [keV]

| o |
-

rel. rate [a.u
.O\\
Qo

O
»

/
e

y:

4>
electron

Images: KATRIN collaboration

region close to endpoint

m(ve) =0 eV

only 2 x 10713 of
= decays in last 1 eV
interval
M(ve)=1eV
| | |
3 -2 1 0



Majorana and Dirac neutrinos

* Majorana mass terms

. —C

* Lepton number non-conserving:

* LNV In 2 units

* Neutrinoless double beta decay
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Neutrino mass models

C Majorana masses

Weinberg operator: AWZCﬁﬁL

Three tree level completions:

\ / \ /
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Loop-level completions:

* 7.€e, Scotogenig, ...

LFV, Leptogenesis, Heavy Neutral Leptons, DM
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. Effective operator : —gl_,ﬁyR(qb)N

Neutrino mass models

A\

* Dirac Seesaws, loop level masses

Dirac masses

* Remnant symmetries- Lepton number
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Majorana and Dirac neutrinos

Dirac mass terms (Charge conserving)

DVRVL
Needs additional right handed field v, ~ (1,1,0)
4 d.o.f

Majorana mass terms forbidden by a low energy symmetry :

» global - gravity?, gauge - boson?

. Why is the Yukawa coupling YUZI:II/R so small?

» Is Y LHvj, an effective coupling?

m, 10-11

VEw



Where to look for new physics?




Flavor 1n the Standard Model

The flavor structure of the SM is well understood (although its origin is completely unknown):

Textbook equations: Langacker , The SM and beyond, CRC press 2017

Ls+ Lywr =Ly ( W + 5w

2f
/ 2 12
\/92+g’2 .

Rewriting the currents in terms of mass eigenstates

JHT = 2p, 4" A TAL er, + 2upy* A’I‘JTA‘IZJ dr, Jor = 2éL'y“V€TVL ZJL'y“VunL,
W v
Vi v,

Weak charged current has nondiagonal flavor couplings in the mass eigenstate basis: The CKM and PMNS matrices are the sole source of flavor violation in the SM



Flavor 1n the Standard Model
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Particle Data Group 2025

Measure these in clean observables with large cross sections, low theoretical uncertainties.

With these measured and under control, we have “understood” flavor structure in the SM : CKM for quark flavor transitions
and lepton flavor universality.

Z couplings are diagonal and only one Higgs in the SM precludes tree-level FCNC

If the SM is enlarged to explain neutrino masses : a richer flavor pheno (at the very least in the lepton sector) is expected.
Can it affect quarks too?



Flavor 1n the Standard Model

 Casein point: BY — K vv (b — svv transition)
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 SMEFT Wilson Coefficients calculable from SM input, one loop contributions



BT - Kt

SM BR:

S

BB+ — K*uv)g, = (5.58 £037) x 10,
Belle- 11 2023 result:

BBt > K'w), =23+£0.7)%x107

exp

2.70 tension - €XCess

New Physics?

Meson decay anomalies

R




Meson decay anomalies

* NNy b — clv g 04
» Test of Lepton Flavor . 0 35
Universality - Weak processes
are driven by lepton flavour
blind couplings - Different -
decay widths, cs should only
depend on kinematics 025
0.2

New Physics?
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Meson decay anomalies

e KT > nx7vv: b — clu
 Recent result from NA62 :

* Central experimental value
above SM expectation
(although the uncertainty is
relatively large at the
moment).

Jurgen’s talk on Friday

New Physics?
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New Physics?

Ry : Longstanding excess in expected B — Kuu branching ratiowrt B - K¢ @

LHCDb. Appeared to be coming from new muon physics - maybe connected to muon
g-27

LHCD results in 2023 show experimental Ry in agreement with SM.

b — sC¢ now appears to respect flavor universality

muon g-2 anomaly is dead too



Can we look for new physics from the
neutrino sector in these observables?

Yes, quark new physics + neutrino new physics = leptoquarks (among others)




Neutrino masses + new physics w. LQQs

* Majorana Masses with LQs:
* LQs have definite lepton number
* Majorana masses require L breaking:

* At least 2 leptoquarks with different L must be introduced and L broken with LQ

mixing
S3 = (3,3,1/3)
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From I. Dorsner et. al., Physics of leptoquarks in precision experiments and at particle colliders



Neutrino masses + new physics w. LQQs

* muon g-2

* CDF My,
e B — Kuu

S3+R2 model
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Freitas et. al. Interplay between flavor anomalies and neutrino properties, 2023



Dirac neutrinos and Leptoquarks

* For Dirac v no L breaking is necessary: only one type of LQ is needed (+ the right handed v).

* To forbid dim-4 neutrino mass a symmetry must be introduced and kept at low energies

* Consider S ~ (3,1, — 2/3)
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Leptoquark-mediated Dirac neutrino mass and its
impact on B - Kvv and K — wvv decays

Chuan-Hung Chen?,%® Cheng-Wei Chiang '¢® and Leon M.G. de la Vega ("?



Dirac neutrinos and Leptoquarks

—Ly = LY*Hlp + QY*Hur + QY®Hdr + QC Y iy L S*
+uC YRR 08" + dC Y ™ ypS™ + Hee. |

After LQ mixing and charged fermion diagonalization we have the following physical Yukawa couplings
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BSM phenomenology

down quark transitions with neutrinos (L and R):

This BSM effects can enhance B - Kuvv, Kt = ntvvand K, — nw



Lepton Flavor Violation

» Loop diagrams with LQs caninduce ; — ¢y, £; — 3¢;

* Tree-level exchange of a LQ can induce muon to electron conversion in a nucleus

* Rule of thumb is to check &; — £y, £; — 3Z; enhancements in neutrino mass

models before muon to electron conversion. With LQs it can be the other way
around!

More to be discussed on LFV with LQs in the afternoon by Juan Pablo Hoyos!



B and Kmeson oscillations and b — u 2y,

* Integrating out the LQs also induces:
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Numerical results

* Input: Neutrino oscillation parameters in a Casas-Ibarra like parametrization

o . -'- —
mly)lrac _ VL”mS‘aV” _ ;md€3 |

¢ 1
2 = — =1]
Vv 1my
1

§3 = ——==n"
VALY

~—

e1 0 0 [0 0 & (e1 0 0)
€a=]|0e2 0] ,=0¢c0|,€ec&=]100c¢e],

0 0 €3 \e3 0 0 \0 &3 0

0 e 0 0 e O 0 0 &
€d = 620 0 y € — 0 052 , €Ef = 5200 .
0 0 e3 e 0 0 0 e3 0

€ \/mgianT - ngLVT ,

~

_ ot i
ety /mdavy = &VE




Observables to fit and constrain

Obs. Ade : 1013 [GeV] AmBs ¥ 1012 [GeV] SJ/\I;KO
Exp. [34] 3.3349 £+ 0.0125 11.688 £ 0.003 0.708 £0.017
SM [60] 3.496 £ 0.258 11.560 £+ 0.063 0.708 = 0.026
LQ model 3.46 11.50 0.697
Obs. SJ/\I]¢ B(K+ — 7T+1/17) . 1010 B(B+ — K+VI7) . 10°
Exp. 0.036 & 0.016 [34] 1.1475:33 [34] 1.3+ 0.4 [1]
SM 0.0369 + 0.0017 [60] 0.86 = 0.042 [6] 0.492 £+ 0.03 [6]
LQ model 0.036 1.07 1.06
Obs. B(B — ’7'1/) - 104 Rp Rp+
Exp. 1.09 £ 0.24 [34] 0.342 £+ 0.026 [80] 0.287 £+ 0.012 [80]
SM [60] 0.84 4+ 0.07 0.2950 £ 0.0055 0.2451 £ 0.0066
LQ model 0.84 0.323 0.254

Obs. | B(u— ey)- 103

B(p — 3e) - 1012

B(T — ey) x 10®

B(t — py) x 103

EUL < 4.2 [73] < 1.0 [74] < 3.3 [75] < 4.2 [76]
Obs. B(t — 3e) - 108 B(t — 3pu) - 103 CR(pn —e,Au) x 10 CR(u — e, Ti) x 102
EUL < 2.7 [77] < 2.1 [77] <7 (78] < 4.3 [79]




Best fits

We fit to these observables, using analytical expressions for EFT coefficients, some observables and also FLAVIO (Straub D.M. for meson oscillation and LFV
observables).

_ —4 —4
11 = (Ea)eu € (21077, 1077, b12/° =33.681070, 23/°=43.3%53, ¢13/°=8.561011, dop/° =2127],
(o1 = (€4)e € (—107%,107%), AmZ, /eV? = (7.497019)% 1075, Am32,/eV? = (2.51370-021) 103,
C22 = (54) r € (_0'5) 05) .
Direct searches for LQs at LHC bound their masses ~ > 1.5 TeV, we fixm, = 1.5 TeV,mz = 3 TeV
(€,7) (€as me)  (€v;Me)  (€c;me)  (€d,ma)  (€esmp) (€55 Me)
X2 10.7 12.9 10.8 8.03 9.64 16.3
Rp 0.309 0.307 0.310 0.323 0.316 0.308
B(Kt — ntvi) 10710 1.05 1.00 1.04 1.07 1.31 0.92
B(Bt — K*tvp)-107° 1.09 1.29 1.13 1.06 0.97 1.8
B(p — ey) - 10%° 1.62 1.97 1.34 2.59 0.66 0.99
B(t — ey) - 103 1.18 1.52 0.93 0.80 1.25 0.77
B(r — wy) - 10% 2.78 0.16 2.49 1.40 0.09 0.25
CR(pu — e, Au) - 1013 0.05 5.24 6.07 1.04 2.19 1.42




20— : , 040
(a) : (b)
| 0.38!
1.8¢ 1
| ‘Belle I 0.36} ‘Belle I
| . Rp® | |
1.6 K e e e e
| < 0.32
14+ Yy eXp E 1
SO | 030
12! | 028
| f | 026! , |
q 0 1.5 2.0 2.5 30 1.5 2.0 2.5 30
10——
(C)
o 8h
. " SINDRUM II
2 |
< 0
ql)'" .
Lo
Z 4
@)
7|
15

Figure 5. Correlation plots for (a) R} vs. RYY, (b) RY vs. Rp, (c) CR(n — e, Au) vs. R7Y, and (d)
CR(pn — e,Au) vs. RY%.. The parameter ranges €2 € (0.05,0.15) and €3 € (0.8,1.5) are used in plots
(a) and (b), while €5 € (0.05,0.15) is taken in plots (¢) and (d). Vertical and horizontal lines indicate
the central values of the current experimental data, except that in plots (¢) and (d) the horizontal
lines represent the upper limit from SINDRUM II.



So, can new physics be hiding in meson decay anomalies?
Yes.

Rare decays provide an excellent avenue for testing ideas in
neutrino mass generation, dark matter, extra scalars, etc.

In the coming years, experiments will improve our
knowledge of rare processes. For example KOTO-II @ J-PARC

plans to measure K, — 7°vv with a sensitivity of < 10717,
more than one order of magnitude below the SM prediction.




Thank you

quejas y sugerencias:
leon.garcia@unison.mx




